Purpose: Following major upper gastrointestinal surgeries, patients often struggle to eat after discharge from hospital. Home jejunal feeding is a potential nutrition support method, but few studies have explored such practice. The aim of this study is to quantitatively and qualitatively assess the feasibility of home jejunal feeding. Methods: Thirteen people having had major upper gastrointestinal surgeries were recruited and randomised into one of two isocaloric nutrition support interventions; oral supplement (OS) or jejunal feeding (JF), for one month post-discharge at home. Anthropometric, patient-generated subjective global assessment, food intake and quality of life surveys were collected at baseline, one month and three months post-discharge. Qualitative interviews were conducted with 6 participants after the three month review. Results: No statistically significant baseline differences were found between the two groups. At one month post-discharge, median weight loss was found to be significantly greater in OS group compared to JF group, 7.7% (inter-quartile range (IQR) = 7.3) and 0.5% (IQR = 3.5) respectively (p = 0.035). No significant differences were found in other parameters. Qualitative interviews showed positive feelings towards JF, while OS was deemed as not very helpful. Conclusions: This preliminary research shows the use of home JF is feasible when compared to oral nutrition support. This parallels with the limited existing literature, which indicate that JF is clinically beneficial. Larger studies are required to validate clinical and quality of life outcomes.
Introduction
Patients who have undergone upper gastrointestinal tract surgery face many nutrition-related problems. In particular, anatomical structure of the gut can cause problems such as lack of appetite, reduced functional capacity to eat, reflux, nausea, vomiting and malabsorption [1] [2] , leading to malnutrition [3] [4] .
Reduced oral intake, malnutrition and malabsorption can be catastrophic to patient recovery and quality of life [5] , especially when lost weight is not regained post-surgery [2] . Previous studies have reported that patients experienced over 10% weight loss 3 -6 months post-oesophagectomy where weight loss was associated with loss of appetite [6] [7] . Similarly, total gastrectomy surgery results in 10% -15% weight loss within the first year of discharge, in which weight loss was related to reduced intake and was not regained [8] [9] [10] [11] .
Early enteral feeding post-surgery has been associated with reduced length of hospital stay and improved clinical outcomes in patients undergoing major upper gastrointestinal surgical resection [12] . The benefits are believed to include the preservation of gut mucosa integrity and improved immunological functioning [13] . However, little is known about nutrition support beyond the first few days post-surgery. After discharge, eating difficulties emerge, making oral nutrition support problematic. The anatomical changes in the gut promote symptoms such as early satiety [7] , nausea, vomiting and bloating [14] . These symptoms mean patients are only able to eat small amounts of food [2] [8], cannot meet their full nutritional requirements, and thus experience a decline in nutrition status [4] . This may also impact the tolerance of any further treatments if required [3] . Limited oral intake also means that oral nutrition support may be insufficient in helping patients to recover from upper gastrointestinal surgeries.
Home Jejunal Feeding (JF) could be a promising solution to overcome the challenges that oral feeding poses. Currently there is limited literature looking at the feasibility of home JF in upper gastrointestinal surgical patients. Some studies have found improvements in nutrient status, quality of life and reduced weight loss with the use of home JF compared to oral diet [15] [16] [17] , while others have not [18] [19] . Although complications of JF have been reported in previous research [11] [20] [21] , qualitative studies have reported positive feelings towards home JF [22] although there are consequences, such as disturbed sleeping pattern and stoma site-related problems.
There has not been any quantitative or qualitative exploration of the feasibility of JF compared to oral nutrition support, where calories, protein and fluid intake are matched. A mixed methods randomised controlled feasibility trial was therefore undertaken within the Australian population to compare the outcomes and experiences of patients receiving JF versus Oral Supplement (OS) support for one month post-discharge from hospital following major upper gastrointestinal surgery, where caloric content and the volume of the feeds were matched in both groups. The aim of this study is to quantitatively and qualitatively explore the feasibility of home JF compared to OS in this patient group. 
Methods

Study Design
This was a multi-centre prospective randomised controlled feasibility trial, with additional qualitative analysis. The two arms of the study were 4 weeks of home JF or OS, along with oral eating. The caloric content of the supplemental feeds were matched. The participants and the researchers were not blinded to the randomisation due to the nature of the intervention.
Participant Selection
Patients who have had total gastrectomy or oesophagectomy were included in this study. Consecutive patients from 4 tertiary hospitals that routinely place je- 
Outcome Measures and Data Collection
Clinical Outcomes
The main clinical outcome measure was weight change between baseline and one month. Other measures included reported symptoms, nutritional status, oral
food intake and quality of life. Baseline data was collected while the participant was still an inpatient just prior to discharge. Weekly follow-up phone reviews were conducted at one, two, and three weeks after participants were discharged from the hospital. Phone interviews consisted of a standardised checklist including undertaking a diet history, presence or absence of symptoms, bowel habits, and intervention tolerance; and advice on jejunostomy care and symptom management. One month and three month follow-up reviews were conducted either by phone or face-to-face. The baseline, one-month and three-month data collection comprised PG-SGA, calorie and protein intake via a diet history, quality of life measure, presence or absence of symptoms checklist and patient-reported compliance with the allocated intervention. Calorie and protein intake was assessed by analysing diet histories (not including oral or enteral supplementation) using Foodworks 2007 (Xyris Software Pty Ltd, Brisbane, Australia).
Quality of Life Measure
Quality of life was assessed using the European Organisation for the Research and Treatment of Cancer version 3.0 (EORTC QLQ-C30) questionnaire [23] .
The questionnaire consists of 30 questions and is validated in an oncology setting. There are 3 main measures: global quality of life, functional and symptom measures, and the result is scaled from the responses to questions according to the scoring manual [24] . Higher scores on each measure reflects increased quality of life, except for the symptom scale, which is inverse, where a high score indicates lower quality of life.
Qualitative Interviews
At the end of the three month follow-up, participants were asked whether they would be interested in participating in a qualitative phone interview. Participants were contacted by telephone if they had answered "Yes" to this question.
Participants' carers were invited to attend the interviews as well. The time period for the recruitment for the qualitative interview was from March 2018 to April 2018. Semi-structured interviews were conducted by telephone and designed to explore patients' physical and emotional experiences while they were receiving OS or JF.
Data Analysis
Clinical and Quality of Life Analysis
Statistical Package for Social Science version 24 (SPSS Inc, Chicago, IL, USA) was used to perform statistical analyses. Due to the skewed nature of the data, non-parametric statistical analysis was undertaken, and all data is presented as median and inter-quartile range (IQR). Differences between groups were assessed using Chi-square, Mann-Whitney U and Kruskal-Wallis tests. A two-tailed p-value of less than 0.05 was considered as statistically significant.
In order to gain clinical significance, a power calculation was performed prior to the start of the trial, indicated that two groups of 30 patients (n = 60) would give a power of 80% for detecting an effect size of 0.5 (representing a 2 kg difference between groups). As recruitment was much slower than expected the study was stopped after 2.5 years and hence clinical outcomes were not powered for significance. All data was analysed on an intention-to-treat basis. 
Qualitative Analysis
Semi-structured interviews were transcribed and coded using NVivo (10 th edition) qualitative computer software program (QRS International 2012), noting patient and carer responses. Inductive thematic data analysis [25] was used to explore themes within the interviews. The transcripts were first coded into broader themes, and further refined to elicit main themes. To enhance the reliability and validity [26] , a semi-structured interview format was used. The interviews were reviewed by 2 researchers; interpretations and findings of the interview transcripts were discussed between the 2 researchers.
Ethics
This study was approved by the coordinating hospital's ethics committee and site specific approval obtained for each hospital that participated in the study.
Results
Participant Characteristics
Thirteen people were recruited to this study. Participant recruitment and progress can be seen in Figure 1 . Participant demographic and baseline characteristics can be seen in Table 1 , where no significant differences were observed between the two groups. Participants were recruited from 4 major hospitals within Sydney, Australia. One participant opted out of the study after one month data collection, the response rate at three month data collection was 75%.
Clinical Outcomes
A significant weight change between the OS and JF group was observed between baseline and one month follow-up (Figure 2) , where a greater weight loss was observed in the OS group compared to the JF group, 7.7% (IQR = 7.3) and 0.5% (IQR = 3.5) respectively (p = 0.035). A similar trend can be observed at three months but the difference was not statistically significant.
At one month follow-up (n = 12), dumping syndrome was the most reported complication, which was experienced in 4 out of 5 participants in the OS group, compared to 1 out of 7 participants in the JF group. Diarrhoea was experienced in 2 participants from each group; vomiting and reflux were both experienced in 1 participant from the OS group, and 3 participants from the JF group. There was one reported case of jejunostomy site infection from JF and none from OS.
One of the JF group had a blocked tube, which was successfully unblocked and the intervention resumed. One of the JF group had the JF tube fall out after one month. Intervention compliance for the JF group was 100%, compared to 36% in the OS group. Some participants remained on OS or JF after the one month intervention period, and one participant from OS group required JF after the intervention period.
Changes in quality of life scores, nutritional status and oral intake are summarised in Table 2 . Quality of life measures were not correlated with weight loss, 
Qualitative Outcomes
Two JF and 2 OS participants agreed to the follow-up qualitative interview, with 3 carers also attending the interview. Interviews lasted from 11 to 32 minutes.
Additionally, one JF and one OS participant also provided written responses to the semi-structured interview at the end of the intervention period. Three main themes emerged from the total 6 interviews.
Struggling with eating after surgery: All participants expressed difficulty with being able to judge the correct amount of food they could tolerate to avoid symptoms such as reflux and dumping "mainly pain, because a lot of times you might eat something too big and you have trouble passing it through the small Tolerance of Invention: When asked how achievable it was to consume OS, participants overwhelmingly felt the OS were not tolerable. "I always tried it, you know, like, every time the dietician give it to me, I always tried to drink it …it just didn't happen, no, just didn't agree with me …just made me too sick [diarrhoea, nausea and vomiting], on top of being sick anyway." Participant 7 (OS)
This was in comparison to the JF group that expressed relief and gratitude to have supplemental feeding. "I was probably glad I was on that thing [JF] because otherwise I wouldn't have been able to eat … being able to take it home was a good thing." Participant 9 (JF) Practicality of Intervention: In the JF group, it was clear that the benefits of the intervention outweighed the practical inconvenience. While there were issues with learning to use the pump, caring for the jejunal tube site and so on, these were seen as minor. Participant 4 (JF) mentioned the noise of the pump but weighing the benefit of it made him "had a love-hate relationship with the pump". Alternatively participants in the OS felt the oral nutrition supplements contributed to their symptoms.
Discussion
This study aimed to explore the feasibility of home JF compared to OS on patients who have undergone major upper gastrointestinal surgeries. Participants were randomly allocated to one of the two intervention groups, OS or overnight JF. Despite low participation numbers, baseline participant characteristics were homogeneous. Although the study was not powered for significance, weight change was found to be significantly different between the two groups.
As previous studies have found, eating after major upper gastrointestinal surgery is very challenging [14] . The data from this study indicates that oral intake is not different between people who have JF or OS, in that both groups struggle to manage food after surgery. Previous research looking at providing nutrition support through dietary education and oral nutrition support has shown that oral support alone is not sufficient in preventing significant weight loss [14] . Hence the use of JF needs to be considered. Our study supports previous studies [15] [16] [17] [22] showing JF is feasible and does not negatively impact food intake.
A smaller weight loss in the JF group suggests JF is a good alternative to oral supplements after discharge. Of interest was the weight loss that JF patients experienced once the month of JF finished. This would indicate that JF for 2 -3 months may be more beneficial to prevent weight loss experienced by this patient group. A study by Gavazzi C et al. (2016) there were no differences in QoL reported between groups [27] . The reduced rate of weight loss in patients receiving 6 weeks of home JF following oesophageal-gastric resection have been observed to continue for up to 6 months post-surgery. Bowrey et al. (2015) reported that patients who received treatment as usual lost an average 3.9 kg more compared with patients on home JF (95% CI-1.6 -6.2). The difference in weight loss continued to be observed at 3 months (mean difference 2.5 kg, 95% CI-0.5 -5.6) and 6 months (mean difference 2.5 kg, 95% CI-1.2 -6.1) [28] .
While this study did not show, and was not powered to show significant differences in quality of life scores with weight loss, other research has shown a correlation between reduced quality of life and weight loss [2] . Hence the positive experience of reduced weight loss may not have been fully realised in this study. An adequately powered study with longer term JF would help to elucidate this and more definitively guide clinical practice.
Qualitative interviews confirm findings from previous research that patients struggle to eat in the initial months after surgery [22] . Analysis of participants' calorie and protein intakes support this. Since eating is already compromised, having OS was not helpful when the participants are not finding eating pleasurable in the first place. Similar to previous studies, participants from this study viewed the benefits of JF as valuable, and the technical problems that arose were easily managed [22] . As participants from both groups showed positive feelings towards JF, we can therefore suggest that JF is a feasible option for post-discharge nutrition intervention.
There are some limitations in this study. Firstly, the number of participants was low, reducing generalisability and increasing the skew of the data. Small numbers make it difficult to find significant differences between or within groups. Secondly, the time frame for qualitative data collection was not controlled. The qualitative interviews were conducted at some time after the intervention period, and were not the same for all participants. This meant that some participants had undergone other surgeries or operations, or had developed other conditions, prior to the interviews. This may have resulted in poor recall of their experiences during the intervention period. Lastly, due to the nature of aging and cancer survivorship, only 50% of the initial participants were able to participate in the follow-up qualitative interview, and this may have influenced the findings. Nonetheless, our study is the first Australian study to establish the feasibility of home JF for upper gastrointestinal surgery patients, and the first study to control the caloric content between the two interventions that were prescribed. Actual nutrition delivery differed between groups because not all participants in the OS group consumed all oral supplements, and thus we are unable to show a definitive benefit of JF over OS. However if we consider the OS group as usual care, it can certainly be inferred that JF is a safe and beneficial route in which to S. Carey et al.
support patients' nutritional status post-surgery, and better recovery post-discharge. This research supports further studies into the use of JF within this patient group, with larger sample sizes.
Conclusion
In conclusion, this research is a preliminary study looking into the potential of home JF for patients who have undergone major upper gastrointestinal surgery, compared to oral nutrition support. Findings indicate that home JF is a safe and feasible method to deliver valuable nutrition support without causing patients undue stress.
